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Technical  Report 


(R)  Temperatures  profiles  in  the  plume  of  the  rocket  motor  of  the  CRV-7 
missile  are  reported.  Thermal  imaging  was  chosen  as  the  preferred 
measurement  techiuque  because  of  its  non-intrusive  nattue.  The  apparent 
temperatures  record^  by  the  thermal  iQ\ager  were  calibrated  from  the  true 
pltune  temperatures  measured  by  thermocouples.  The  5(X)®C  maximum 
apparent  temperature  range  of  the  thermal  imager  proved  a limitation  when 
greater  spatial  resolution  of  the  plume  interior  was  required.  The  nodal  regions 
in  the  plume  were  saturated  on  the  thermal  record.  The  maximum  temperature 
recorded  with  the  thermocouples  was  TOSOX  at  1.4  s,  1.5  m from  the  nozzle  exit 
plane. 
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Temperatures  in  a CRV-7  Plume  from  a 
Thermal  Imaging  Technique  (U) 


Executive  Summary  (U) 

(U)  The  variation  in  absolute  temperature  present  in  the  exhaust  pliune  of  a 
statically  fired  CRV-7  rocket  motor  is  reported.  The  temperatiues  were  recorded 
using  a infrared  radiometer,  a device  which  uses  an  infrared  camera  to  capture 
images  of  the  plume.  A camera  technique  avoids  the  need  to  pbce  a measuring 
device,  such  as  a thermocouple,  into  the  plume  which  in  turn  alters  the  state  of  the 
plume.  The  apparent  temperatures  present  in  the  plume  are  measured  from  the 
plume's  infrared  radiation  sigiuhue.  These  apparent  temperatures  are  converted  to 
true  temperatures  by  comparison  with  those  recorded  using  a thermocouple  in  a 
number  of  calibration  firings.  The  results  reported  provide  representative 
information  on  the  temperature  profiles  present  in  ihe  CRV-7  rocket  motor  plume. 
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1.  Introduction 

(U)  The  conseqtiences  of  rocket  motor  plume  ingestion  by  an  air.';raft  engine 
dur^  missile  launch  is  of  considerable  importance.  Currently  ARL  are 
cot\ducting  such  an  investigation.  The  study  of  this  phenomeiK>n  requires 
knowledge  of  die  temperature  of  the  rocket  motor  exhaust,  consequently  EOD 
was  tasked  to  collect  data  on  the  plume  temperature. 

(U)  Thermal  imaging  is  a non-intrusive  visual  technique,  whereby  images 
from  a video  camera  of  the  rocket  motor  exhaust  plume  are  recorded  onto 
videotape,  which  are  in  turn  analysed  to  obtain  temperatures  in  the  plume. 
Thermal  imaging  was  chosen  because  of  the  advantage  that  no  disturbance  is 
caused  to  the  plume,  unlike  intrusive  techniques  such  as  thermocouples.  These 
rely  on  measuring  temperatures  at  a point,  thereby  altering  downstream 
conditions  such  that  no  information  can  be  recorded  in  this  region.  By  using 
thermal  imaging,  all  temperature  infonrution,  from  ignition  to  burnout,  can  be 
obtained  for  die  entire  extent  of  the  plume  horn  one  static  firing. 

(U)  The  thermal  imaging  system  measures  apparent  temperature  by  detecting 
the  intensity  of  infrared  (IR)  radiation.  Measurements  therefore  require 
calibration  by  use  of  thermocouples  placed  direcdy  at  various  points  in  the 
rocket  motor  pltmie.  Thermal  images  of  calibration  firings  were  c^brated  with 
the  temperatures  recorded  by  the  thermocouples,  giving  a means  of  converting 
apparent  temperatures  into  true  plume  temperatures  in  future  firings. 

(U)  The  analysis  undertaken  was  aimed  at  providing  temperature  profiles  of 
the  exhaust  plume  both  radially  and  axially  at  fixed  points  in  time  during  the 
firing  and  the  temperature  variation  with  t^x,  at  various  distances  behind  the 
nozzle  exit  plane.  This  report  presents  temperatures  measured  in  the  exhaust 
plume  of  the  CRV-7  mis-sile's  rocket  motor,  using  a thermal  imaging  technique. 
CRV-7  is  a 2.75"  (70  mm)  diameter,  rmguided  air-to-surface/air-to-air  missile. 
Two  rocket  motor  designs  are  empbyed  in  the  CRV-7;  the  RLU-5001/B  and 
RLU-5002/B.  The  subject  of  this  study  is  the  RLU-5002/B  which  contains  the 
non-aluminised  propellant. 

(U)  Interior  ballistic  measurements  of  the  rocket  motors  statically  fired  were 
recorded,  as  are  all  ballistic  measurements  when  any  rocket  motor  is  statically 
fired  by  EOD.  The  results  are  compared  against  the  manufacturers  interior 
ballistic  specification  as  a test  of  motor  serviceability. 
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2.  Experimental 


2.1  Thermal  Imaging  System 

(U)  The  thennal  imaging  system  used  was  the  Inframetiics  610  IR  imaging 
ladiometei.  A single  infrared  scarmer  iruorporates  servo  controlled  mirrors 
which  perform  horizontal  and  vertical  scanning.  A three  times  (3X)  broadbarul 
telescope  was  added  to  the  scanner  leirs  in.  order  to  allow  the  scanner  to  be 
remotely  located  away  from  the  rocket  motor  for  safety.  Addition  of  the 
telescopic  lens  itrcreases  the  spatial  resolutioir  and  decreases  field  of  view  to  5° 
by  6.6“.  The  scanned  beam  is  split  into  3*5  |im  and  8*12  pm  spectral  bands  which 
are  focused  onto  the  mercury/cadnvium/tidluride  detector  elements.  The 
radiometer  detector  elements  measure  specteal  radiation  emitted  relative  to  a 
blackbody.  In  the  absence  of  any  enrissivit^  data  the  spectral  radiation  is 
converted  into  blackbody  or  "apparent"  temperatures.  Each  band  can  be  set  to 
measure  apparent  object  temperatures  in  one  of  several  ranges  up  to  a 
maximum  range  of  SOO'C,  with  a maximum  absolute  apparent  temperature  of 
-l■1500“C.  For  the  ptirposes  of  this  study  it  was  assumed  that  the  plume  had  an 
emissivity  of  1.0.  The  apparent  temperature  range  and  the  offset  apparent 
temperature  were  adjusted  over  the  series  of  calibration  firings  to  give  a suitable 
range  of  temperatures,  which  would  later  be  calibrated  to  give  true 
temperatures.  The  detector  output  or  thermal  image  is  recorded  onto  a standard 
VCR  tape,  for  later  analysis. 

(U)  The  recorded  images  are  arudysed  using  the  Infi'amebics  ThermaGRAM 
PC  adaptor  card  and  Thermoteknix  analysis  software.  The  selected  motor  firing 
is  replayed  from  videotape  and  images  at  any  desired  point  in  time  are  captured 
(digitis^)  by  converting  the  apparent  temperatures  into  intensity  levels,  which 
are  then  stored  onto  computer  disk.  These  images  can  be  imported  into  image 
analysis  programs,  such  as  NIH  Image,  where  ^e  digitised  intertsity  levels  are 
extracted  as  separate  pixel  intensity  values  and  saved  in  standard  ASCII  format 
for  ease  of  maidpulation  and  charting  in  spreadsheet  programs. 


2.2  Thermocouple  Setup  for  Calibration 

(U)  In  order  to  calibrate  the  thermal  images  recorded  with  the  Inframetrics 
scanner  a set  of  theronocouples  capable  of  measuring  temperatures  up  to  2800’’C 
were  employed.  The  thermocouples  were  of  two  types:  platinum/ 13% 
platinum-rhoditun  and  hmgsten/tungsten-26%  rherdtun.  The  thermocouple 
wires  were  supported  in  a twin  bore  ceramic  tube  which  was  in  turn  fitted  inside 
two  stainless  steel  tubes,  and  a final  coating  of  ceramic  paste  ensured  good 
protection  against  the  abrasive  and  highly  corrosive  rocket  pliune;  see  figure  1. 
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Seven  thermocouples  were  fitted  to  a stand  at  various  heights  so  as  to  distribute 
them  radially  from  the  axis  of  the  plume  towards  its  outer  edge;  see  figure  2. 
The  stand  was  placed  at  various  distaiKes  from  the  nozzle  exit  plane,  in  the  Held 
of  view  of  the  thermal  imager. 

(U)  The  output  from  the  thermocouples  was  recorded  onto  a Racal  FM 
recorder  after  SOX  amplificatioit.  The  recorded  signal  was  digitised  using  a 
Mi.,;ADIOS  II 12  bit  DAC  at  400  Hz.  By  use  of  Superscope  software  the  offset 
level  of  Ore  signal  was  removed  and  by  application  of  a smoothing  function  the 
noise  level  reduced.  EMF  values  at  every  100  ms  were  converted  to  and 
pbtted  as  a function  of  time. 

(U)  Five  test  Brings  were  performed  to  determirte  the  stand  position  at  which 
the  thermocouples  provided  maximum  output  while  sustaming  minimum 
damage;  this  was  found  to  be  1.5  m.  Calibration  was  achieved  by  identifying  the 
pixel  intensity  assigned  by  the  digitising  process  to  the  point  where  the 
thermocouple  bead  was,  in  the  thermal  image.  Temperatures  were  assigned  to 
these  interrsity  values  from  the  temperatures  recorded  by  the  thermocouple  at 
the  same  irutant.  Two  tests  were  then  performed  without  thermocouples 
present  in  the  Held  of  view,  one  with  the  tot^  plume  extent  visible  (a  horizontal 
Held  of  view  of  2.12  m),  aru>ther  with  a smaller  Held  of  view  which  increased 
resolution  of  the  plume  interior  (a  horizontal  Held  of  view  of  0.9  m). 

(U)  A photograph  of  the  experimental  setup  during  the  static  firings  is 
presented  in  figure  3.  Damage  caused  by  the  exl^ust  plume  to  the 
thermocouples  can  be  seen  in  figure  4. 


3.  Results 


3,1  Correlation  between  Pixel  Intensity  and  Temperature 

(U)  Figure  5 illustrates  a temperature  record  from  the  thermocouple  system  as 
measured  during  a Hring  for  the  purpose  of  calibration. 

(U)  A correlation  for  converting  pixel  intensity  into  temperahure  in  ”0  was 
arrived  at  by  the  following  method.  The  true  axial  distance  from  the  ru>zzle  exit 
plane  to  the  thermocouple  stand  position  was  15  m and  the  vertical  spacing  of 
thermocouples  in  millimetres  is  given  in  Hgxue  2.  A measuremert  of  the  axial 
distance  of  the  thermocoupLs  from  the  nozzle  exit  plane,  in  picture  elements 
(pixels),  can  be  made  by  image  analysis  of  a digitised  thermal  irriage  of  the  Hring. 
This  allows  calculation  of  the  horizontal  length  in  ndllimetres  represented  by  one 
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pixel  By  using  Bie  aspect  ratio  of  a pixel  the  horizontal  length  per  pixel  can  be 
converted  into  a vertical  length  per  pixel  Thus  the  exact  position  of  each 
thermocouple  tip  can  be  idenMed  in  any  thermal  image  of  the  firing.  Starting 
hrom  the  axial  centreline  of  die  pltune,  the  intensity  assigned  to  a pbcel 
coinciding  widi  die  position  of  a thermocouple  bead  can  be  obtained.  Tlie  true 
temperature  as  measiued  by  die  thermocouple,  at  the  same  instant  in  time,  can 
now  be  corrdated  to  die  pixel  intensity  value  on  the  diermal  image.  A pbt  of 
the  temperatures  measur^  by  thermocouples  1 to  7 at  various  times  dturing  the 
calibration  firing  against  pbcel  intensity  at  the  corresponding  position  and  instant 
is  presented  in  figure  6.  By  employing  a curve  fitting  routine  a power  law 
relationship  for  converting  pixel  intensity  into  temperature  m °C  was  derived: 

r = 2.73P(/)“* 

where  T is  temperature  in  °C  and  P(I)  is  pixel  intensity  (dimensionless). 


3.2  Plume  Temperature  Results 

(U)  The  temperature  data  presented  in  this  report  was  generated  from 
thermal  images  selected  from  the  full  video  record  of  each  rocket  motor  firing. 
An  emphasis  was  placed  on  images  from  the  first  second  of  bum,  ie.  when  the 
motor  would  be  in  close  proximity  to  the  aircraft  engine.  Each  thermal  image 
was  divided  into  a grid,  whereby  the  intensity  levels  assigned  to  each  pixel  on 
the  gridlines  in  the  axial  and  radial  directions  were  converted  into  temperahires. 
Figures  7 to  18  show  the  variation  in  temperature  axially,  at  various  distances 
from  the  centreline  of  the  plume.  Similarly,  the  radial  variation  in  temperature 
at  positions  along  the  pltune  axis  is  plotted;  see  figures  19  to  30.  Next,  for 
various  distances  from  the  nozzle  exit  plane,  the  variation  in  radial  temperature 
is  plotted  against  time,  see  figures  31  to  48.  Contour  plots  of  all  thermal  bnages 
selected  for  analysis  are  reproduced  in  figures  49  to  60.  The  contours  are 
labelled  with  the  corresponding  temperatures  in  ®C. 


3J  Ballistic  Results 

(U)  All  CRV-7  rocket  motors  used  this  study  were  fired  in  accordance  with 
the  Bristol  Aerospace  test  specification  (Ref  1).  This  document  specifies  that 
motors  will  be  temperatiue  conditioned  prior  to  firing  for  a period  of  24  hours. 
The  temperature  chosen  for  this  study  was  as  low  temperature  limits  tend 
to  cause  the  most  variation  from  the  specified  ballistic  limits. 

(U)  The  ballistic  results  are  presented  in  table  1.  A comparison  can  be  made 
witii  tile  values  specified. 
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Table  1 (R):  Vdlistic  Results 


CRV-7/90 

CRV-7/91 

Motor  type 

RI,U-5002/B 

RLU-5002/B 

RLU-5002/B 

Motor  S^ial  N'lmber 

72 

75 

- 

HringTempCC) 

-54 

-54 

-54 

Ignition  Delay  (a) 

0.0162 

0.040  (max) 

Ignition  Interval  (s) 

0.0062 

- 

Ignition  Thrust  (Ibf) 

-d) 

- 

1000  (min) 

Action  Time  (s) 

2.1751 

2.2031 

1.91  (min) 

Total  Impulse  (Ibf-s) 

2178 

2129.7 

2100  (min) 

Igniter  Squib  Resiatance  (ohm) 

1.7 

1.65 

1-2 

Maaa  befm  firing  (kg) 

6.43 

6.38 

6.38±0.07 

Mass  after  firing  (kg) 

2.25 

2.2 

- 

(1)  Results  omitted  due  to  security  classlficstion. 


4.  Discussion 

(U)  The  distinct  <)dvantagt.  of  the  thermal  imaging  technique  is  its  ability  to 
record  the  profile  of  a rocket  motor  exhaust  plume  in  totality.  The  plume  is 
undisturbed  diuing  the  motor  bum  time  and  as  such  a maximtun  amount  of 
data  can  be  extract  from  each  individual  firing.  Data  can  be  generated  from 
each  frame  of  die  video  record,  representing  a duration  of  1 /25*^  of  a second, 
and  from  the  entire  extent  of  the  phure,  radially  and  axially.  In  comparison  an 
intrusive  technique  such  as  temperature  gauges  vill  cause  disturbance  to  the 
dowttstream  cordons,  thus  any  data  gathered  in  this  region  may  be 
unrepresentative.  Also  a probe  can  only  record  conditions  at  one  point  in  the 
plume  unless  multiple  probes  are  employed,  which  are  in  hum  limited  to 
deployment  radially  and  cause  greater  disturbance.  Subsequently,  if  an 
intrusive  technique  is  selected  many  test  firings  wiU  be  requir^  in  order  to 
gather  enough  iiifbnration  to  characterise  the  entire  plume. 

(U)  However,  the  use  of  intrusive  probes  is  required  in  order  to  calibrate  the 
th^ial  image  data.  A difficulty  encountered  with  the  intrusive  thermocouple 
probes  employed  in  this  study  was  the  damage  sustained  due  to  the  severe 
environment  r^thin  the  plume.  The  thermocouples  empbyed  were  capable  of 
measuring  temperatures  up  to  2800'’C  however,  due  to  the  ablative  natiue  of  the 
pliune,  the  stainless  steel  tube  in  which  they  were  housed  was  often  eroded 
away,  at  which  time  the  thermocouple  fail^.  A series  of  test  firings  was 
completed  in  order  to  deduce  the  position  at  which  the  thermocouples  sustained 
the  least  damage,  whilst  maximising  the  data  recorded.  Once  determined,  a 


5 


RESTRICTED 


RESTRICTED 


fixing  with  the  thermocouple  stand  visible  in  the  field  of  view  of  the  themval 
imager  would  yield  a calibration  for  the  infrared  thermal  images. 

(U)  Careful  alignment  of  the  rocket  motor  centreline  relative  to  the  layout  of 
the  thermocouple  is  required  in  order  to  allow  accurate  identification  of  the 
position  of  each  thenruxouple  tip  in  the  recorded  thermal  inrage. 

(R)  The  calibrated  images  reveal  a limitation  of  fi\e  thermal  imager.  The 
maximum  apparent  temperature  range  of  SOO’C  proved  iiuideqnate  for 
capturing  all  of  the  detailed  plume  temperature  information  present  when  the 
fidd  of  view  was  reduced  in  order  to  obtain  more  spatial  resolution  in  tl\e 
interior  of  the  plume.  The  image  became  saturated  in  the  regions  of  highest 
temperature,  obscuring  the  maximum  temperatvue  reading;  this  is  illustrated  by 
the  plateaus  exhibited  in  figures  7-12, 19-24  and  31-39  related  to  CRV-7  / 90-72. 
These  plateaus  correspond  to  the  nodal  regions  in  the  plume.  However,  figiue  5 
shows  that  the  maximum  temperatiue  recorded  by  the  thermocouple  system 
was  2080“C  at  1.4  s.  No  such  limitation  is  present  in  the  results  of  firing  CRV-7  / 
91-75;  figures  13-18,  25-30  and  40-48.  With  an  improvement  in  the  maximiun 
apparent  tenrperature  range  to  lOOCC  this  limitation  could  be  overcome. 

(R)  Figures  13-18  show  that  over  the  bumtime,  the  maximum  temperature  of 
the  irodes  and  the  number  of  nodes  remains  almost  constant,  as  indicated  by  the 
T(0  mm)  profile.  However,  the  nodal  regions  themselves  and  the  axial  distances 
between  them  itwreases  slightly  and  as  the  firing  continues  the  temperatiue  of 
the  T(0)  profile  inaeases,  at  axial  distances  greater  than  1250  mm.  The 
temperatures  in  the  other  profiles  increase  and  additional  profiles  can  be 
obtained  from  the  radially  expanding  plume.  From  examination  of  figures  25- 
30,  a gradual  increase  in  the  radial  dimetuion  of  the  plume,  during  the  bumtime, 
is  confirmed.  At  t=0.04  s after  ignition  the  plume  extends  from  TiO  mm  below  to 
115  mm  above,  the  centreline  of  the  plume.  Later,  at  1=0.24  s the  plume  has 
expanded  to  140  mm  below  and  140  mm  above  the  centreline.  At  t=1.24  s tne 
plume  extends  from  -150  mm  to  +240  mm  about  the  centreline.  The  results 
indicate  an  increase  in  the  overall  temperature  and  extent  of  the  plume  duri>>g 
the  bumtime,  which  is  in  agreement  with  the  expected  behaviour. 

(R)  By  inspection  of  figure  40  it  is  noted  tliat  at  the  nozzle  exit  plane  tiie 
temperature  of  the  radial  profile  increases  considerably  over  the  period  of  the 
bumtime.  In  contrast  the  profiles  presented  in  figures  41-45  show  only  a gradual 
increase.  In  figures  46-48  the  profiles  show  a marked  increase  in  the  temperature 
at  tBl.24  8 frw  that  at  t=0.64.  s,  which  is  consistent  with  the  plume  having 
attained  its  fully  developed  state.  However,  the  maximum  tempera  hues 
obtained  are  progressively  lower  than  tliose  at  positions  closer  to  the  nozzle  exit 
plane. 
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(R)  The  maximum  temperahire  observed  in  the  pliune  from  firing  CRV-7  / 
91-75  was  1530°C  at  1.24  secs,  .it  the  plume  centreline.  The  maximum 
temperature  observed  in  firing  CRV-7  / 91-75  within  the  first  half  second  of 
ignition  was  14J2‘'C,  again  at  d^e  plume  centreline. 

(R)  Aldiough  an  individual  motor  plume  will  exhibit  random  variations  in 
temperahure  and  axial  and  radial  extent  based  on  many  factors,  including 
ambient  temperature,  wind  speed  and  gttsts,  the  plume  temperatures  reported 
here  ire  representative  of  those  present  in  d\e  CRV-7  rocket  motor. 

(U;  Table  1 details  the  ballistic  performance  of  each  motor  against  the 
specified  values.  It  can  be  seen  that  all  parameters  conform^  to  the 
specificatioiu  In  the  case  of  these  CRV-7  rocket  motors  the  temperahue  diuring 
storage  was  tvot  controlled  and  as  such  any  exposure  to  high  ambient 
temperatures  will  accelerato  the  propellant  aging  process.  For  the  purposes  of 
this  study  the  motor  performance  is  adequate  and  the  motors  fired  are 
considered  serviceable. 


5.  Conclusions 

(R)  The  temperatures  in  the  plume  of  the  CRV-7  rocket  motor  have  been 
measured  using  a diermal  imaging  technique.  Thermal  imaging  was  chosen  as 
it  can  record  without  intrusion  the  entire  plume  profile  during  the  bum  time  of 
the  motor,  whereas  intrusive  techniques,  which  necessarily  ^sturb  the  plume, 
require  that  many  more  firings  be  conducted  in  order  to  fully  characterise  the 
plume.  The  apparent  temperatures  recorded  by  file  thermal  imager  were 
calibrated  from  the  true  plume  temperatures  measured  by  thermocouples 
present  in  the  pliune  and  the  field  of  vim  of  the  thermal  imager  during  a series 
of  calibration  firings.  Firing  CRV-7  / 90-72,  where  a reduced  field  of  view  was 
employed  in  order  to  gain  greater  spatial  resolution  of  the  plume  interior, 
revealed  a limitation  of  the  500°C  maximum  apparent  temperature  range  of  the 
thermal  imager.  The  nodal  regions  in  the  plume,  where  temperatiues  are 
highest,  were  saturated  on  the  thermal  record,  obscuring  the  maximum 
temperature  values  present  in  the  plume;  the  maximtun  temperature  recorded 
with  the  themuKOuples  was  2080‘’C  at  1.4  s.  The  maximiun  temperature 
recorded  during  firing  CRV-7  / 91-75,  which  employed  a larger  field  of  vim 
with  less  spatial  resolution  that  encompassed  the  entire  plume,  was  1530°C  at 
1.24  s at  the  plume  axial  centreline.  The  results  reported  are  a good 
representation  of  plume  temperatures  present  in  the  CRV-7  rocket  motor. 
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6.  Recommendations 

(U)  Test  filings  where  a Siemud  imager  field  of  view  is  reduced  revealing 
greater  detail  of  the  plume  interior,  slwuld  be  repeated  with  an  extended 
maximum  apparent  temperature  range  of  1000°C,  in  order  to  obtain  maximum 
plume  temperatures  present  in  fite  luxlal  regions. 
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Figure  4 (U):  Damage  caused  to  thermocouples  ty  rocket  motor  plume 
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Figure  24  (R>:  CRV-7  / 90-72  t=2.12sec 
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Figure  25  (R):  CRV-7  / 91-75  t=0.04  sec 
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Figure  26  (R);  CRV-?/ 91-75  t^O.Usec 
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Figure  39  (R):  CRV-7  / 90-72  axial  position  898  mm 


Figure  40  (R):  CRV-7  / 91-75  axial  position  0 mm 


RESTRICTED 


T(0.12t) 


100  160  300 


(0.13  0) 
(0.03  0) 

(I.sao) 

(3.13  0) 


• T (0.04  0) 

— “O— *-T{0.13  I) 

* T(0,34  0) 

Q T(0.44  0) 

* t(0  04o) 

6 T(t  34  I) 


) 

( 


40 


60 


60 


RESTRICTED 


aCU>ITYCLASSa<ICATtON  OF  THIS  PACE  MSTRlCnD 


REPORT  NO. 
DSTO-TR-tlOlO 

ARNO. 

AK-OOS^^ 

REPORT  SECURITY  CUSSIFICATION 

Restricted 

TITU 

Temperatures  in  a CRV>7  plume  from  a Rtermal  Imaging  technique  (U) 

AllTHOR<S) 

KJd.lde 

CORPORATE  AUTHOR 

DSTO  Aeronautical  aiKl  Maritime  Research  Laboratory 
GPO  Box  4331 

Meiboume  Victoria  3001 

REPORT  DATE 

June,  1994 

TASK  NO. 

AIR  91/372 

SPONSOR 

ASCENG-ARDU 

PILE  NO. 
G6/4/8^698 

REFERENCES 

4 

PACES 

4« 

CLASSIPICATION/UMITATION  REVIEW  DATE 

June,  1997 

CLi^lPICATION/RELfiASE  AUTHORITY 

Chief,  Explosives  Ordnance  Division 

SECONDARY  DISTRIBUTION 


Dlstributk)n  addUional  to  the  initial  list  is  limited  to  qualified  officers  of  the  Defence  Department  and  the 
Defence  Force  of  Australia,  UK,  USA,  Canada  and  New  Zealand.  Other  requests  should  be  referred  to  Chief, 
Exploiives  Ordnance  Division  AMKL. 


ANNOUI^EMBNT 

Announcement  of  this  report  is  limited  to  the  Defence  Community  of  Australia,  UK,  USA,  Canada  and  NZ 
KEYWORDS 

Temperature  profiles  Rocket  motor  plumes  Thermal  imaging 

ABSTRACT 


(R)  Temperatures  profiles  in  the  plume  of  the  rocket  motor  of  the  CRV-7  missile  are  reported.  Thermal 
imaging  was  chosen  as  the  preferred  meuuiement  technique  because  of  its  non-lntruslve  nature.  The  apparent 
temperatum  recorded  by  me  thermal  imager  were  calibrated  from  the  true  plume  temperatures  measured  by 
thermocouples.  The  .lOok.'  maximum  apparent  temperature  range  of  the  thermal  Imager  proved  a limitation 
when  greater  spatial  resolution  of  the  plume  interior  was  required.  The  nodal  regions  In  the  plume  were 
saturatnl  on  the  thermal  record.  The  maximum  temperature  recorded  with  t*'**  thermocouples  was  2080*C  at 
1.4  s,  1.5  m from  the  iwzzle  exit  plane. 


sBcuitnV  ciAMHCATjotreFniit:  PAcif 

RESTKICTCD 


Australia-Restricted 

Tempentuiei  in  a CRV-7  Plume  from  a Thcnnal  Imaging  Technique  (U) 

K.M.lde 

(DSTO-TR-0010) 

DISTRIBUTION  LIST 


Director,  AMRL 

Qiief,  Exploaivei  Ordnance  Division 

Dr  R,j.  SMr 

Dr  &W.  Thorpe 

MrLSheppara 

MrK.Ide 

Library,  AMRL  Maribymong 

Chief  Defence  SdenlUt  (for  CDS,  P ASSP,  ASSCM) 

Library,  AMRL  Piahermens  Bend 
Director,  ESRL 

Head,  Information  Centre,  Defence  Intelligence  Organisation 

OIC,  Technical  Reports  Centre,  Defence  Central  Library 

Officer  in  Charge,  Document  Exchaitge  Centre 

Air  Force  Sdetwic  Adviser,  Russell  Offices 

Sclerttillc  Advbwr  • Potky  and  Command 

DASD,  APWM-OA2,  Anxac  Park  West,  Canberra  ACT 

Librarian,  AMRL  Sydney  - data  sheet  only 

Army  Scientific  Adviser,  Russell  Offices  • data  sheet  only 

Navy  Scientifk  Adviser,  Russell  Offices  • data  sheet  only 

DirectoKkneral  Force  Development  (Land)  - data  sheet  only 

SO  (Science)  HQ  1 Division,  Milpo,  Etroggera,  Qld  4057  • data  sheet  only 

Counsellor,  Defence  Science,  Embassy  of  AustrHia  • data  sheet  only 

Counsctlor,  Defence  Science,  Australian  High  Commission  - data  sheet  only 

HRT,EOD  Salisbury 

Or  David  Kilpin,  EOD  Salisbury 

Dr  Adrian  AMel-Fattah,  AMRL  Fishermens  Bend 

FItLt  Keith  Joyner,  ASCENG  ARDU,  Building  44  Contractors  Area,  DSTO  Salisbury 


^ nnolossil'**' 


1 


(1  copy) 


(8  copies) 


